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Oslv  f l i t t  111 , 1  , 1 4 ! t ’u l t ’n t of  d t  i l ’u s i o r i  r df e s  in  meta l l i c
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t o  di  f f u s i  ot t  of U I  ‘ t a l l  i , ‘ so lutes  r~()  I l a su r e m e n tl  of metalloid

d i f f u s i o n  iii .~~ t I t , I l l i C  glass hW : been reported ; yet such

i n f o r ma t i o n  i s  desi r ab le  s l r l c ’( ’  it  is qenerally assumed that

c r y st . t  i i i  z a t i o n  r a t ., ’s , as  well as the kinetics of various

p r e— c r y : :t a l  I iz .:t 1’ u i  C: a :1’ 5 in pl i \  ‘:ical and mechan ica l  proper—

t ies , ar e  cit ‘ I  , sm i ned f’v metalloid d i f  f u s i o n  r at  e’ • Extensive
estimates I S  s a l l u i d  d i ff u s i v i t i e -~ in \ r a rj f l~Is !‘~ ,/Ii , Fe/ B/C
and F l ’ ’N i ,/ B  . t l 1ov~ i I V I ’ ~~~
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f o i l  h i  l i t  , 
‘

H d i  ‘ I ‘ ‘~~ l v  d ‘ I  r’~~m i  n i  s t  m e t a l l o i d  di  f f u s i v i t i e s  ‘ 1

i n  a m ’ t a I l ~~t ’ ‘ 1 .1 4 5 5  u s ’ s  a ~‘d u(4 e  of ~‘ im ;, ’r a tu r e s , w i t h  a view

t o , 1 i t ~~r 5\’S! ‘ ‘ l : H S i e  S ’ t ’W ’s  Of SUCh d if f u s i v i t i e s  in a range L

of d i  er n t  ct ~~i s o s  — f o r  in s  t , i t t ~ ’t , as a f u r t ct  ion of metalloid

CI)I I H ’ t l !  11 a s( ’ r i r ’ s o: (1 ’ iSH( ’ S .

• I,!.Ip’ I t I ,  ‘ ‘ 1  rat ’  ‘u’ ’

Tar : l ’ 4 4 m ; u n 4\’ } I \ ’  d i  ‘ f ; t s i I I I t  5115 ~ SH1’ 4 ’ m : R ’ t 1 t t :  in m e t a l l i c  glasses
hay . ’ i. , ‘en so 1 1  ~. s t 4 a t  t Is s ~i :t ’ :I ard ‘xpe !:i m e n t a l  method s are
Use 1 5 5 ,  D 15 ~1~~ 1 , a l~ v i,’~ l e~’ r n / s  and moreover annea l ing

i rU ’s i r ’e l u n .i i  HO I ’ ’~’ ¶ he  need to  a vo i d  j nc’~~o i e nt  cry s t a l l i z a t i o n.
Accord i ‘iq  ly  , 51)111 I 1, ‘ ‘ I , ’  I a t  i o n  is l i m i t  ed to susie hund red s of
H a l l ‘111 * ‘ I I ’ S  51051 cit  id t~~ a t id  a rd met  hod dependent  on sect ioning
or a l . . 4’!’t j ( 4 4 I  U ’ sad i ,  i n n  S i t  t ed  h’ an  i r i S  ope is sensitive

C I I ’  S •

T u e  ! ‘x l l . ’ r  ‘ u I ’ I o  ~ Pill 1151 01 t o  d a t e  on t ’~~’ f  a l — i r i l l a s s  d i f f u s i o n
m a ci t ’  1 45 * ’  t t f :  ( a ’ )  i e t I - — i m p l . ’s t  a tl u n  of oe ld and a n a l ysi s  by ion

I ~‘ r i r ’ u  ( I f  I 1~~’ a: — I U ’ 1 ’ I . i ! I t  *‘d ,~nd t i l l ’ di  f ft i s e d  samples to
est a t ’ !  sh ch i l l ! , ’ , i n  . S O l L i t I ’  j ’ t u f  i l l ’  ( A ) ;  ( b )  i o n— i mp l a n t at i o n

of ii Liii  U S  f o ]  1o~~ed h v d I I I  l i t  j  O t 1 - ln d L t e ( ’d  n u c l e a r  react ion in

Si tu  Of th e  i m p l a n t  I ’ l l  ‘l ~ 4 ’i~ H o t t o  l l t l t ) m ; ( ’ q L l ( ’ r t t  as :. i’ssment of

l i ti i t  urn  prof i l l ’S i i i  d i  f u ’  “ ‘( ‘1 1111 1 I~ ‘s h~’ energy  an a l ysi s  of the
emi t  t a r ad i al  ,i on ( . 2 ) ;  t. ’)  r n i c r i ’— p r v t  ii i r iq by spu t t e r—etching
of a d i f  fused s~~mp l * ’  c’ont  ~t t  n i n g  rad i o t ’t i v e  si l ve r t racer and
rrI4 ’ ’ a ; , l t r I ’ u I l ’ r l  of I l l ’  t’ ad i. oac ti \ ’ l  t y  ( ‘I ’  S l i( ’( ’ I ’ I l S i \ ’( ’  tll i t t ( A d  I rac—
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or t i t  I - I 1 I 1 ’ 1 ’4 ‘ i , ’ l i  , h i  t H ‘ ri4 I i & ‘ ,~~ , - I I vt ’ m I t  S hod 1114 ‘ I t t  i Hi ted

• i h , ’~~’ ’ 1 ’ O ’ t ’ I ’ ’  I V , ’ , i t ’ i ’ : I I I ’ S  I i !  & 1 0 1 ’ t n  ( ‘ I I ’ t t t , ’ ! lt

A : i  ( 5 1 ’ I O I ’ ll  , ‘ l 1 I ’ l l  & ‘ ‘ i r t  iii t ’ t ’ i t n ’ i t ’ l ’ I t ’  1 t ’ i ’ 41 fo r  ,ill I 1 5 1 5
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concentration or from changeF of the re la t ive  sput te r—yie ld
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o: the ot iit - ’I’ ~ i’t ’ f j  I I ’ S  f e l l  hot w~~’.’rt  ‘. 1 1 1 51 ’ e x t r e m e s .  — Qui te

a o a r t  f r o m  t h e  above coi’i s i dt ’ r at  i on s , t h e  use of the boron

isotopic ratio is inescapable when subs’ rate and coating have

the same boron concentration .

A p r o f i l i n g  run  was also p er f o r m e d  with a coa t ed but

undiffused sample. The R/depth profile calculated from the

measurements is also shown in Fig . 2 (run 15) and it can be

seen tha t  the  i - I t  or f~icv is quit t ’ sharp. ‘l’}irt ‘e factors tend to

l i m i t  t ho  a p p a r e n t  s h a rp n o~~s of w o a t  ‘O l I ) u l d  i d e a l l y  be a

s t e p — p r o f i l e :  ( a )  an in su ~~f i ’i . ’n t l v  f l a t  su b s t r a t e  s u r f a c e;

(b) an uneven etchinq r a te  across  the p i t  (a problem which is

more serious with polycrystals than with alasses); (c) ‘sputter—

broadenin g’ by the knock-in effect (H). The sample surface had

b~~ polished to an optical stand ard of flatness and moreove r

the pit floor was adequately flat-bottomed , judging from
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I i~~i H I  I v  1 1 ’  1 1 . 1  ~t ’ I !mt  ‘ c i t  m V. ’~: ‘ 1 1 , 1 & ’  01 I ’  . ‘1 0. ’ ~~~ ‘, ta ‘ , ;  1 ’.’ 1 1 1 C
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~~1 1 l I t ’ 1 15,11 S t ’J I ‘ 4’S o : t ‘1 i ou i t :  ci I 1’I s’ p I t ’l  i 1 1 5.1
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, I 1 + 

1 1 B

al~~, t ” ’ s ~~~. ’ 1 ,  ‘~h a t  p I ’ ~~~’ ’’ , 001110 f u  k ’s’ ( ‘ t ’ , l I  m o  t o  5 1 1 1 - s t  t a t e.  This
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w ‘is  1-111 ‘ o. ‘ t ‘ ‘ 1 1 o st i  1 : 1  ,‘) I t  ‘~~j . . ‘ I t ‘ I i ’ j I ~‘- t ’: 11  ‘ t ‘ t  t : : , m  o i 1, 511 01’ —

or i t t - ’, ’ : u l c i  i t ’ d : t  t o  S i t  l t ’ I & ’ t i . ’ t ’ l ’  I l l  t I l t ’  S p I i l t t ’ l ’ - \ ’ l t ’ld i n  t he  r

1 O h — f l  ot, ’t ’ ~~5 ‘1  ‘
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~ ‘I s ’  u t ’ was  a 1 ~‘a v~
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C C” l n ( ’i d i t i , i  w i t h  l I t  L ’ t ’.5i 111,0 ‘, I l t s , I  l a I t ’  m I d  t aco .  ‘ ! ‘ l , i s  m i g h t
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I , 0 , 1 ~~J I . ’ ‘..‘ ‘ ‘ I t ’  ‘. . l m o i l\  ~I ’’~~’ m  F.’ Iit ’Ss. i ’ ! H ’  o t I n ’ t  ~~~,‘ ‘‘ :‘: t ’

~ i t ’ .’ l i t  1 0 a ‘ 4 , 1 :  I t ’ 1 I ’I ’ I os I 1 : 1 , m
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P l c ’  — 0~~~~~ 
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~~~~~ t ’~~~~~ I ,

K ( x ) m t ho C o m 1 ~ ‘ t ’ m i t  1 5 1  I t ’l l  I’ :. 1 o , c , 1 ~~~ “ [c ~ C’ ) + ~~ 
‘ I

a t  ci ~~‘ ~~t 11. N t t ~~ 0II t 1, I t ’  i l l  ~ t 1 .1 1 151 1 t ‘ I I  s ICt ,’ N ( s 1 1 t h~ ‘ I so I i’s i t

i a t  i 51 i n  t hi ’  Si t  l ’s t 101 ! t ’ C ’ •  I i5’~ ‘I , i !i.i NI ( . , ‘ ) i ,’i I lit’ ,i I j  0 i i i  I l it ’

C o lt  I l lS  (C’. °‘‘.7

f i t  t h i s  t ’ .lu at  100 t o  p t  01 u t ’s 51.1011 ,‘iS those ot Fi ~1.  2 , ‘ ‘,~

ht ’st ~,‘i i ’ t ’, ’.i l 1 h ’t ’ 1 1 1  t o  plot m~ as a I ‘411451  100 of x 011 01 , ‘ha : ~i i v

g r aph  pdp . ’r (15) . Such pap~’: has as o r d i n al  c a i l il ,uii t it ‘
~
‘

sa t  i s fy i n c i  t he  rt ’l~i t  ion ‘X = 1 — ~‘ r t ( v )  t o t ’ N ’ i i i  t O t ’ r u:,;,’

0 to 1 , d i l , !  f or our purposes , V \
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‘ ‘ ,00 C ’ l : 5H.’,t ’ t ’ ! ’ ( I H I I I ’ l - , S l \ ’ t ’l’,’ ( I - I t  111.11 ~s u r : t ’ ,.l ,t : ’  C!  \ t , ~~l l 1 t . ’ : .  ,, U t ’ , , •

I n  0 i t  ‘I ; . ‘ I  V ‘ ‘
~ , I l i .  ‘ ‘, ‘ a  1’ t t ‘ ~~ 1)  ( 1 ’  ‘ 1’ 0 ‘ci I I I l

~’ S U C ” I I  ‘ I t  , - ‘

L
S i t’ s a 5(1 11511 l I s t  t t ’Si ’ 101 . ‘I ’ l l ! ’  I - , i 1 5 ’ ? 051 1 1 1 ’ S  1 51  5 5 : 1 5  ~~, w t ’ ~~’ l .

‘.. ho 1 1 V , t t 5 ( > I  I ’ I  ‘~ 1 I ~~~~. i C t s  ‘ ‘1 ci 1115 ‘ 0 ( 5 1  5 1 (“S I

I a sh  “.~~~ of !“o ; n 1 t s . ‘ ‘ ‘
~ ‘ t ’SI  t h OSt . ’ f ’i’ 55111510 7 , Sl o wS  do t ’ i

t r Ofl l  a S t r a l O h I  11051 i~’~ ’11 I H S I ’ S t ’ t h e  ( 5 1 5 1 1 1 5!  I ’ , ’ a i t ’n .  ‘l O i s  ‘, . , i I

to SI ’  ‘xp t ’t ’ t t  ci , S l i t . ’. ’ t o . ’ ( ‘C’ , i I  1110 do~’s 141) 1 1l~~ ’0 1 1 I ’,’ Os ,’ ’

t Ots ~~~ime d t ’ t u s i t . v ,s,.i tH ’S’,SS) S l I  i o n  as t O t ’ 51.1t”S t i’ a t o , and ~) ~ n :  ~

g l a s s  is )‘c IC” ~c1 ( 3 , 1~~) t o  t~~’ st ’ t S - l t ’ l \ ’l’ 10  V 1’I’ \ ’ s i l l  t ’’ !, , l , S t ’ S

f tc.,’ v o l um e , ( ‘t ’H1-’i. ’~~~’. 5 ’ f l t  lv , t h e  1’. ot  S t l’ a iCl ’t t t  1it~, wSs  f i t  I i ’d

a l o n o  t h ~’ f i st . O f  t h e  s l o t  l v i n ~ w i t h i n  t h e  subst . r a ’4 o ( ‘s lI t  01

r u n s  B ansi 9 , t w o  s tr a i , .:1’ : t  l i f l i ’ I ’ i  ‘..‘ , ‘ l ’ & ’ f l t l’ tSd I t ’  o a c h .

Ifl Fi s t  • o , t he  d ’al ict ’J \‘ , l l l l I ’s of F” are p l o t t  t ’d as Lot i  1.~ vs 1 ,.

i’wo t ’ r r ’, ’r bars i l  ‘ m at ’ k o d  I t h e  i ’ i ’ o a d  bat ’S sh ow f l u ’  t i  1’., ’]’ t i n . ’ I t ’

the unct ’t-ta jntt’ (t  12’~
) I f l  t Ots’ s C : l t I i ’r — v t ch i r ) cl r s t e  in t i l l ’ ; . ,‘: i-

orobe ; the n ar : ’ ’, ’w- t ’r 15, 4 1 5  s l~ t ”w’ t l i t ” .,“ ‘ ‘t  i r o st  t ’d  t ’ i I t l J C > S ’  t ’ t r or  i t I

fit ting st  r a l c h h t  l in o s  t o  the” ~~1ot s of l ” i ’ ~~. 5. (1” or I i i ’ ‘~ , i k , ’

of clarity , t i l t , ’  t w o  e rro l ’s W O O  110 1 s t a t i s t ic a l l \ ’  ( t I t t I b j S t ’ ,i I .

partially crystalline samples l i , iv t ’ been d ist  ins i ;i i  shod l’t Optsu

c i r c l e s .  Samples 5 and l~I are assumed  t t) have remai l l t ’d  ,aIlt ) ’l p I i ~~’;i :. -
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5. DisL’uSSiorl

The v a l u t ’~ of 1) p l o t t e d  i l l  I ” i q .  6 indicate  t h a t, LOt~i (h” 41 ‘V

of u n c e r ta i n t y  of i n d i vi du a l  v a l u os  i s  q u i t e ’  a ccep tab le , i n

v i ow  of t l i t ’  low a b s o l u te ’  d i f f us i v i t i e s  being measured , buL t I , ’

two measurements at, ~5O0 C show t h a t  r e p r o d u c i b i l i t y  st i l l

r eq U i I ’ .’ l im p r O ve lf lent .

The t~~ vts f lo f l—Ct’ ’,’ st a l l  1:15 1 S , t 1 ! l D 1 t ’ S  (n os. 5, 7, 9, LB , H)

of w h o ’ l i  ‘~~.mp 1ts ’ 5 q av t ’ t t II  Str dl ’Iht . ’St R’/x plo’ , do 1 1 1 ) 1 , 0 ’

a st  r a i g }t t  l in e  in  F i c I . t~~. T h i s  r ’i ,v w el l  p r> i ’~” ’  j I ]  , t t i t

c o u r s e ’  t o  I I ’  a o t i c ’ r a l l v  t’,’i lj d  .H l1 ’I C l U S l O I I  ~or d i f f t i s i i ’ : .  111

1 1 ,  ‘1 a 1 1 I C ti a K I - I C ’ S  , at  a n y  i’s t . e r~t ‘a r T l,,i II . > S S t t i (  ‘ i S ‘a I ~~(, : : a ’

of t h e  D v a l u e s  f i n  gold d i  f f u s i l l g  i n :  1~~~~~~~~~ (’~~~ Si 17 t O l l 4 ”~~ 1 t : 1 a

sh o r t  r s ’ 1dx a t i o t i  ,.ii:ii ,’al j u st  bo l ow T ( 3 ) .  i ’ l a i rl l y ,  t h e  t o

of Variot ,i s f t  ‘l dx at . j O l i  ~i n r u t ’a I  S on d i ffu s i  on r a t e s  is er a ’  I I

J 5 S ’l . ’i’ . > “ h i c ’ l i  i ’ ’ , 1u ii- , ’s sy s t ’m a h  ic ‘x a t l I i n a t i o n I , and L c j ’ t . r i  d i i  , :

wou ld be .~~ good b a s i s  f o r  t h i s .  The r ’,’(” i ’r i t creep t ’ ~\ pori ’:I.. ’!’: . ’

T aub  and Lp 1o. ’pen ( l u )  have shown c l e a r l y  t h a t  lo~u~ O I I H ’  al :~

em p€ ’r a h u r e s  w’’ll bo l ow Tg 
( ‘SU SU Vory laruts ch a r u r o ’ s  — si.’ ;or~ I

‘ ‘r ’d e r s  of m a g n i t u d e  — in vi sCIos i ty  as doduced f r o m  c i o u ’ s  s t . ’

I t  is by no means c lear  w l u ’t h e r  the  S t o k e s — E i n s t e i n  r e l a t  i i .” hi .

w l u ’ r e  a is  the atomic d .ian ,’ t & - t

between vi sc’osity T~, and d i f f u s i v i t y  D (D = (k/ 3~~a)’!’/~~/ )  (‘05 1

to  aoply as a g lass  s t r u c t u r e  r e laxes  and atomic t r a n sp o r t

mechanisms perhaps  change . This  doubt  arise’s because ( a )  a l 0 I ~~S

d i f f u s i o n  annea l  wel l  be l ow Tq s t i l l  appears  to givts au

isoc o n f igu r a t i o n a l  d i f f u s i v it~y ( 1 ) ;  ( 15)  a long ,inni’al wall ~~~~~~~~~

Tg chan. ;es  vi scosi ty s h a r p l y  ( 16 )  ( r )  a s h o r t  a n nea l  j u s t  I

T
9 

changes both g lass  c o n f i g u r a t i on  and d i f f u s i v i ty  sli’o sit ( ‘

The ambi g u i t i e s  concerning  the d i f f e r e n t  mI ’,t s t l i ’ &’ s  01 .41 ‘ 1 1 1 1 1 ,

mob i l i ty  — viscous f low and d i f f u s i o n  — have U’. ’t , u i  soS 1 , 1 1 1  t o I l  a

c lea r ly  by Spaepen and Tu rnbu ll  ( 17 ) .  — N I t ’ t~o ’nt  f i , id i i’iei : a l ’ .’, .
heavy ion

indicate  tha t,  /i i r a d i a t i o n  of a n u ’t a l l i c  g lass , whi  cl i  ‘141 1

— _~—‘-~~~~~s~~~
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